Biochemical evidence is presented which confirms that the DNA repeat length in micrococcal nuclease (spleen endonuclease, nucleate 3'-oligonucleotidohydrolase, EC (14), and hepatoma HTC cells were provided by J. P. Beck (Strasbourg). Primary cultures (15) of rat kidney cells were prepared by J. E. Germond (Strasbourg). Micrococcal nuclease digests of Physarum polycephalum nuclei were provided by J. Stadler and R. Braun (Bern).
survey of available cells has shown that the DNA repeat length of the chromatin of higher eukaryotes varies widely. A value of 196 base pairs was found-for cells of all mature tissues, regardless of the source of the tissue, whereas smaller values were found for cells of actively dividing tissues and larger values were found for a genetically inactive cell. Although the DNA repeat length of the chromatin of cells in culture was usually shorter than 196 base pairs, there was no general correlation between the size of the chromatin DNA repeat length and the rate of cell division or the functional state of the cell in culture. Examination of extensive micrococcal nuclease digests suggests that the chromatin subunits of all of the higher eukaryotic cells we have studied contain a core with approximately 140 base pairs of DNA.
Kornberg (1) proposed that the fundamental structure of chromatin is a flexibly jointed chain composed of a repeating subunit containing two each of histones H2A, H2B, H3, and H4, and 200 base pairs of DNA. In support of this model a subunit structure has been visualized by electron microscopy in interphase and mitotic chromatin (2) (3) (4) (5) (6) (7) . In addition, digestion of chromatin of higher eukaryotes with micrococcal (spleen endonuclease, nucleate 3'-oligonucleotidohydrolase, EC 3.1.4.7) nuclease produces DNA fragments which migrate on polyacrylamide gels as integral multiples of a repeat length of approximately 200 base pairs (refs. 8 and 9 ; for further references, see 10 and 11). In contrast, Lohr and Van Holde (12) (14) , and hepatoma HTC cells were provided by J. P. Beck (Strasbourg) . Primary cultures (15) of rat kidney cells were prepared by J. E. Germond (Strasbourg). Micrococcal nuclease digests of Physarum polycephalum nuclei were provided by J. Stadler and R. Braun (Bern).
Preparation of Nuclei. Nuclei of cells in culture were prepared as follows (method I), with all steps performed at 0-4°. Cells were pelleted and resuspended in 10 mM Tris-HC1 (pH 7.5), 1 mM CaC12 at a concentration of approximately 2 X 107 cells per ml. After 10 min, the cells were lysed in a Dounce homogenizer (B pestle). The lysate was layered over 3 ml of 1.7 M sucrose in 10 mM Tris-HCl (pH 7.5), 1 mM CaCl2 and spun at 650 X g for 1 hr. The nuclei were resuspended in the appropriate digestion buffer and used immediately. Nuclei of cells prepared from tissues were prepared according to Burgoyne et al. (16) (method II).
Micrococcal Nuclease Digestion. The CHO cells were digested with micrococcal nuclease (Worthington) in two ways. In method A, as previously described (7), the digestion buffer was 1 mM Tris-HC1 (pH 8 The DNA lengths of the multiples were determined from the relative mobilities of the centers of the bands ( presented in this paper correspond to plateau values which were determined from measurements of the migration of bands higher than the tetramer. In addition, because the measurements were made on enlargements taking the centers of the bands, early times in nuclease digestion were selected to avoid problems which could arise from the widening of the bands after more extensive digestion. As shown in Table 1 , the lengths of the DNA repeat in rat liver and CHO chromatins were 196 and 178, respectively, in excellent agreement with previous observations (7, 17, 21) . The same value for the DNA repeat length (178 base pairs) has been found for the chromatin of CHO cells from two independent sources. The rat liver digest shown in Fig. 1 was used throughout this study to calibrate the polyacrylamide gels. Because both the method of nuclei preparation and digestion conditions were different for the CHO and rat liver digests shown in Fig. 1 (see Material and Methods), we have tested the effect of these variables on the size of the DNA subunit. Comparison of Fig. 2A Fig. 3A and B. All of these cells have division times less than 24 hr. However, the chromatin of C6 cells, which also have a division time of less than 24 hr, has a DNA repeat length not significantly different from that of rat liver (Table 2 and Fig. 3G ). Thus, a DNA repeat length shorter than that found in mature tissues does not appear to be a general characteristic of the chromatin of actively dividing cells. In support of this, we found that there are no differences in the DNA repeat lengths of chromatin of cells from exponentially growing and confluent cultures of CV1, cultured hepatoma and C6 cells (Table 2 ). In contrast, when cells from a mature tissue are induced to divide by putting them into primary cell culture, we observed a slight but significant decrease in the chromatin DNA repeat length (rat kidney cells, Table 2 ). It is also interesting that the DNA repeat length of the chromatin of actively dividing cells in two tissues, rat bone marrow and rat fetal liver, may be smaller than that of rat liver ( tional state of the cell. No clear correlation is evident from our results. The teratoma-myoblast-myotube system offers a possibility of investigating two successive differentiation steps (13) . As shown in Table 2 , the chromatin DNA repeat length remains constant during the differentiation of teratoma cells to myoblast cells, whereas it increases when the myoblasts fuse to form myotubes. The hepatoma cell system offers the possibility of investigating the transition from ascitic hepatoma cells dividing in vio and not synthesizing glycogen to in vitro cultured hepatoma cells which have regained the capacity to synthesize glycogen (14) . As indicated in Table 2 , there is no change in the chromatin DNA repeat length during this transition. Similarly, the erythrocyte of the chicken offers a possibility to examine the chromatin subunit in a genetically repressed, nondividing cell. Table 2 and Fig. 4A show that the DNA repeat contained in chicken erythrocyte chromatin is significantly larger than that of the chicken oviduct. Extensive Micrococcal Nuclease Digestions of All Examined Chromatins Produce a Common Pattern of DNA Fragments. Fig. 5 shows that in spite of variations in the DNA repeat length of chromatins of different cells, extensive digestion of these chromatins with micrococcal nuclease produces a common pattern of DNA fragments smaller than the monomer repeat length described above. These fragments have the same size as those which were previously described by several groups in extensive digests of cellular and simian virus 40 chromatins (7, 17, 19, 22, 23) . Similar digestion patterns were obtained for all of the higher eukaryotic cells listed in Table 2 (not shown). 
DISCUSSION
In agreement with the model proposed by Kornberg (1), electron microscopic and biochemical studies have shown that the fundamental structure of chromatin of higher eukaryotic cells consists of a basic repeating subunit, the nucleosome, which contains two each of histones H2A, H2B, H3, and H4 and about 200 base pairs of DNA. Recent studies have shown that not all of the nucleosomal DNA is equally accessible to micrococcal nuclease (17, (19) (20) (21) (22) (23) . This has led to the proposal that the nucleosome of higher eukaryotes contains a core consisting of two each of the four histones and approximately 140 base pairs of DNA which are more resistant to micrococcal nuclease digestion (19) (20) (21) (22) (23) . In addition, evidence has been presented indicating the histone H1 interacts with at least some of the additional 60 base pairs of DNA which are associated with the nucleosome and which are more susceptible to the micrococcal nuclease digestion (21, 24) . However, it has been recently shown that the DNA repeat length of chromatin of Neurospora crassa (25) , and Aspergillus nidulans (26) cells is about 170 base pairs, although the DNA content of their nucleosome cores is also 140 base pairs. In addition, it appears that the DNA repeat length of yeast chromatin is also approximately 170 base pairs (25) .
Similarly, we have found that the DNA repeat length of another lower eukaryote, Physarum polycephalum, is about 170 base pairs ( Fig. 4B and Table 2) .
Our present results demonstrate that the length of DNA contained in the nucleosomes of higher eukaryotes is not invariable and ranges from 178 (CHO cells) to 207 base pairs (chicken erythrocytes). An even more extreme value for the DNA repeat length has recently been found for the chromatin of sea urchin sperm (241 base pairs, see ref. 27 ). However, our results suggest that all of the higher eukaryote chromatins that we have studied contain a similar nucleosome core organization. The results shown in Fig. 5 (25) . A similar suggestion has been made by Morris (26) for Aspergillus nidulans chromatin. Similarly, it is possible that the longer DNA repeat length found in chicken erythrocyte chromatin is related to the replacement of histone Hi by the erythrocyte-specific histone H5. Whether variability of histone HI (for references, see 28) could account for the observed variability of the chromatin DNA repeat length in eukaryotes is presently unknown and requires a detailed characterization of the Hi histones present in the various cells which we have studied. On the other hand the recent discovery of the existence of variants of histones H2A and H2B in animal cells (29, 30) raises the possibility that the variability in the chromatin DNA repeat could be related to modifications of the histone core.
Several lines of evidence indicate that the phosphorylation of histone HI, which is known to be associated with cell division (for references, see 28) and which is directly correlated to the rate of cell division (31), is not responsible for the observed variability of the chromatin DNA repeat length. Compton et al. (7) showed that the DNA repeat length of CHO 
